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(54) Spread-spectrum communication system. 

(57) In order to eliminate the need for spread-spectrum code synchronization, a code divided into a 
suitable number of digits is applied to a transmitter and a receiver. The transmitter multiplies an original 
signal by each subdivision of the code to produce n-number of new baseband signals. Carrier waves 
having n-types of frequencies are modulated by these signals and the modulated signals are added to 
obtain an ultra-wide band signal, which is then transmitted to the receiver. The receiver separates the 
received signal into the narrow band components which prevailed prior to the adding operation in the 
transmitter, and then demodulates each component Into a baseband signal. Each of these demodulated 
signals is multiplied by a code the same as mat on the transmitting side, whereby n-number of original 
signals are obtained. Original signals obtained from a signal spread by a code different from that of the 
receiver are not n in number. Thus, spread-spectrum communication can be realized without requiring 
spread-spectrum code synchronization. 
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SPREAD-SPECTRUM COMMUNICATION SYSTEM 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

5 

This Invention relates to a spread-spectrum com- 
munication system In which, when information is 
transmitted by wire or wlrelessiy, the information Is 
converted Into a signal having a bandwidth much gre- 
ater than that of the information band. 10 

2. Description of the Prior Art 

A spread-spectrum communication system is one 
in which information data Is transmitted as a signal is 
whose bandwidth Is made much larger than that of the 
data. Broadly classified, two methods are available for 
achieving such communication. One method is a so- 
called direct-sequence (DS) method, in which the 
transmitting side multiplies a digitized baseband sig- 20 
nal by a spread-spectrum code such as a high-speed 
pseudorandom noise code to generate a baseband 
signal having a bandwidth much greater than that of 
the original data. The generated signal is modulated 
as by phase-shift keying (PSK) or frequency-shift key- 25 
ing (FSK) to be converted into a radio-frequency (RF) 
signal before being transmitted. On the receiving side, 
a spread-spectrum code the same as that on the 
transmitting side is used to perform reverse spread- 
ing, which is for establishing correlation with the 30 
received signal. Thus, demodulation Is performed to 
obtain the original data. 

The second method Is referred to as so-called fre- 
quency hopping (FH), in which the transmitting side 
modulates a carrier wave by a baseband signal and 35 
transmits a signal by periodically changing frequency, 
in accordance with a spread-spectrum code, every 
data bit or at a time interval which is a whole-number 
fraction or a whole-number multiple thereof. On the 
receiving side, demodulation is performed to obtain <o 
the original data by carrying out reverse spreading. 
This is accomplished by performing a correlating 
operation, in which the local carrier wave on the 
receiving side is brought In tune with the transmitting 
side by using a spread-spectrum code the same as 45 
that on the transmitting side. 

In order to achieve correct correlation on the 
receiving side In these systems, It Is necessary for the 
spread-spectrum code on the transmitting side and 
that on the receiving side to be synchronized accu- so 
rately. In the prior art synchronizing circuits for 
achieving this synchronization employ a so-called 
sliding correlation loop. 

Fig. 4 is a diagram Illustrating a sliding correlation 
loop for the DS method. As shown in Fig. 4, a received 55 
spread-spectrum signal enters a mixer 401, which 



multiplies this input by a spread-spectrum code sequ- 
ence generated by a spread-spectrum code-sequ- 
ence generator 406. The output of the mixer 401 
enters a band-pass filter (BPF) 402 having a 
bandwidth corresponding to that of the original data 
prior to spreading. The filtered output of the BPF 402 
enters a detector circuit 403, which subjects this input 
signal to envelope detection. The output of the detec- 
tor circuit 403 enters a low-pass filter (LPF) 404 to be 
smoothened thereby. 

If autocorrelation is achieved, the output of the 
mixer 401 will be a signal resulting from reverse 
spreading of the received spread-spectrum signal. 
This output signal passes through the BPF 402 and 
has its envelope detected by the detector circuit 403. 
The output signal of the detector circuit 403 enters the 
LPF 404, which proceeds to smooth en the signal to 
obtain a DC level. 

If autocorrelation is not achieved, a signal which 
is the result of reverse spreading of the received 
spread-spectrum signal is not obtained at the output 
of mixer 401, and therefore almost all of the power of 
the received spread-spectrum signal is blocked by the 
BPF 402. The output of the BPF 402 is subjected to 
envelope detection by the detector circuit 403, whose 
output signal is smoothened by the LPF 404. As a 
result, the DC level obtained Is sufficiently small in 
comparison with that obtained at autocorrelation. 

The DC-level output of the LPF 404 Is supplied to 
a voltage-controlled oscillator (VCO) 405. Since the 
output of the LPF 404 has a sufficiently small DC level 
when autocorrelation is not achieved, the VCO 405 in 
such case produces an output whose frequency is 
somewhat different from that of the spread-spectrum 
code contained in the received spread-spectrum sig- 
nal. The VCO 405 supplies this output to the spread- 
spectrum code-sequence generator 406 as a clock 
signal. In this case, since the speed of the clock of the 
spread-spectrum code generated by the spread- 
spectrum code-sequence generator 406 is offset 
slightly from the clock speed of the received spread- 
spectrum signal, the phases of the two signals gradu- 
ally become d is pi ace d from each other. As a result by 
the time the two phases shift by an amount equivalent 
to one period of the spread-spa ctrum code, coined 
dence is achieved between the spread-spectrum 
code In the received spread-spectrum signal and the 
spread-spectrum generated by the code-sequence 
generator 406, and therefore autocorrelation is 
obtained. When this occurs, the DC output level of the 
LPF 404 rises, so that the oscillation frequency of the 
VCO 405 changes to a frequency synchronized to the 
received spread-spectrum signal, and the system 
stabilizes at this frequency. Thus, synchronization is 
achieved between the received spread-spectrum 
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code and the spread-spectrum code generated by the 
spread-spectrum code-sequence generator 406. The 
time needed to obtain synchronization with this 
method generally is very long since the phase of the 
received spread-spectrum code shifts only in gradual 
fashion. 

Fig. 5 illustrates a sliding correlation loop for the 
FH method. The construction of the loop in Fig. 5 is 
similar to that of Fig. 4 except that a frequency synth- 
esizer 507 is added. 

In Fig. 5, the synthesizer 507 changes the fre- 
quency of the output signal in accordance with the 
pseudorandom noise signal which enters from a 
spread-spectrum code-sequence generator 506. A 
mixer 501 multiplies the output signal of the synth- 
esizer 507 and the received spread-spectrum signal 
together. If the spread-spectrum code on the receiv- 
ing side is in synchronism with that on the transmitting 
side, the signal obtained at the output of the mixer 501 
will be a signaJ whose frequency band is the same as 
that of the signal prior to spreading. Operations per- 
formed by a BPF 502, detBCtor circuit 503, LPF 504, 
VCO 505 and the code-sequence generator 506 are 
the same as in the DS method. 

Thus, In conventional spread-spectrum com- 
munication systems, the spread-spectrum code is 
changed along a time axis. This means that circuitry 
for achieving spread-spectrum code synchronization 
is required on the receiving side, and that the time 
needed for achieving such synchronization by this cir- 
cuitry is very long. These are some of the drawbacks 
encountered in the prior art. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
structurally simple spread-spectrum signal transmit- 
ting apparatus or receiving apparatus. 

According to the present invention, the foregoing 
object is attained by developing the spread-spectrum 
code along a frequency axis, thereby dispensing with 
r the need of a spread-spectrum code synchronizing 
circuit on the receiving side. 

Another object of the present invention is to 
realize high-speed spread-spectrum communication 
by curtailing the time needed for code synchroni- 
zation. 

Omer features and advantages of the present 
Invention will be apparent from the following descrip- 
tion taken in conjunction with the accompanying draw- 
ings, in which like reference characters designate the 
same or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating a firstembo- 

diment of the present invention; 

Fig. 2 is a spectrum diagram of signals on a trans- 



mission line in first and second embodiments of 
the present invention; 

Fig. 3 Is a block diagram showing the receiving 
side of the second embodiment of the invention; 

5 Fig. 4 is a block diagram showing a synchronizing 

circuit used in conventional spread-spectrum 
communication according to the DS method; 
Fig. 5 is a block diagram showing a synchronizing 
circuit used in conventional spread-spectrum 

10 communication according to the FH method; 

Fig. 6 is a block diagram showing a third embodi- 
ment of the present invention; and 
Fig. 7 Is a spectrum diagram of signals on a trans- 
mission line in a third embodiment of the present 

15 invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 [First Embodiment] 

Fig. 1 illustrates the construction of the first embo- 
diment, which includes an information input source 
101, b spread-spectrum register 102 of length n, 

25 mixers 103-1 through 103-n, local oscillators 104-1 
through 104-n, FSK modulators 1 05-1 through 105-n, 
an adder 106, a transmission line 107, a distributor 
108, BPRs 109-1 through 109-n, frequency discrimi- 
nators 110-1 through 1 10-n, a spread-spectrum code 

30 register 111, mixers 112-1 through 112-n, anadder 
1 13, a threshold decision unit (comparator) 114, and 
a destination 1 15 of the output information. 

In the arrangement described above, binary data 
(1 or -1) outputted by the information source 101 

as enters mixers 103-1 through 103-n. The mixers 103 
multiply the input data, one digit at a time, by each 
digit (1 or -1) of the spread-spectrum code sequence 
of length n stored In the register 102. The outputs of 
the mixers 103-1 through 103-n are applied respect- 

40 ively to the FSK modulators 105-1 through 105-n, 
which FSK-modulate the carrier-wave outputs of the 
respective local oscillators 104-1 through 104-n by 
the outputs from the respective mixers. The outputs of 
the FSK modulators 105-1 through 105-n enter the 

45 adder 1 06, which adds these inputs and transmits the 
sum to the transmission line 107. 

The output spectrum on transmission line 107 is 
shown in Fig. 2. in which fi through f n represent the 
carrier-wave frequencies of the respective local oscil- 

50 lators 1 04-1 through 1 04-n. The signals whose carrier 
waves have been modulated are distributed among 
frequencies of marks M or spaces S In accordance 
with the outputs of the mixers 103-1 through 103-n. 
The signal received through the transmission line 

55 1 07 is distributed to the n-number of BPF's 1 09-1 
through 109-n via the distributor 108. The BPPs 109- 
1 through 109-n are bandpass filters having pass 
bandwidths corresponding to the information 
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bandwidth, with the center frequencies being the car- 
rier-wave frequencies ft through f n generated by the 
respective local oscillators 104-1 through 1004-n on 
the receiving side. Narrow bandwidth signals, which 
are the filtered outputs of the BPF's 109-1 through 
10&-n, enter the frequency discriminators 110-1 
through 110-n, which convert these inputs into 
baseband voltage signals conforming to the fre- 
quency deviation. Next the multipliers 112-1 through 
1 12-n multiply the input baseband voltage signals by 
each digit of a spread-spectrum code sequence iden- 
tical with that on the transmitting side, with the pro- 
ducts being delivered to the adder 113. The latter 
adds up the n-number of inputs thereto. Since the 
receiving side uses a spread-spectrum code sequ- 
ence identical with that on the transmitting side, all of 
the signals added are voltage signals corresponding 
to the marks or spaces of binary data outputted by the 
information source 101, which is the original data. 
Therefore, the sum of the signals is a voltage signal 
which is n times the original data. Even though noise 
is also added, the increase is only Wn-fold at most 
Accordingly, the signal-to-noise (S/N) ratio following 
addition is increased by (n) 2 /(Vn) 2 = n. This signal 
enters the threshold comparator 114. The latter ext- 
racts the original data from the Input and outputs this 
data to the destination 1 15 of the information output 
If it is so arranged that the spread-spectrum code 
sequences stored In the spread-spectrum registers 
102 and 111 are selected from a set having little 
cross-correlation, then a receiving party using a diffe- 
rent spread-spectrum code will not be able to obtain 
a signal which is n times the original signal as the out- 
put of the adder 113. As a result the output of the 
adder 113 will not have enough signal power to be 
demodulated. This will make multiple access poss^ 
lble. 

[Second Embodiment] 

Fig. 3 illustrates the receiving side according to a 
second embodiment of the present invention. The 
transmitting side is the same as that of the first embo- 
diment. The receiving side in Fig. 3 includes a dis- 
tributor 308, local oscillators 309-1 through 309-n, 
mixers 310-1 through 310-n, BPPs 311-1 through 
31 1-n, frequency discriminators 312-1 through 312-n, 
a spread-spectrum code register 313, multipliers 314- 
1 through 314-rt, an adder 315, a threshold decision 
unit 31 6, and a destination 31 7 for the information out- 
put 

The distributor 308 distributes the received signal 
to the n-number of mixers 310-1 through 310-n. The 
latter multiply the received signals by respective ones 
of the outputs from the local oscillators 309-1 through 
309-n. In this case output frequencies ty through f„' of 
the respective local oscillators 30&-1 through 309-n 
are selected in such a manner that the differences be- 



tween these frequencies and the output frequencies 
f, through f„ of the local oscillators 104-1 through 104- 
n on the transmitting side will be fixed at f| - 1{ 53 f| F (a 
constant where I = 1 through n). The outputs of the 
s mixers 310-1 through 310-n Bnter the BPPs 311-1 
through 31 1-n whose pass bandwidths have an Iden- 
tical center frequency of ftp and correspond to the 
information bandwidth. The BPPs 31 1-1 through 31 1- 
h output narrow bandwidth signals, which are equal to 
10 the pass bandwidth. The frequency discriminators 
312-1 through 312-n convert these output signals into 
baseband voltage signals conforming to the fre- 
quency deviation. 

Other operations from multiplication with the 
15 spread-spectrum code onward are the same as in the 
first embodiment 

This embodiment differs from the first embodi- 
ment in that the group of signals of center frequencies 
f, through f n spread by the transmitting side is conver- 
20 ted on the receiving side into a group of signals having 
the same Intermediate frequency f )F . As a result the 
BPF group and frequency discriminator group can be 
made BPPs arid discriminators having identical fre- 
quency characteristics. This is convenient in terms of 
-25 manufacture. With this method, however, special 
attention must be given to the manner of selecting the 
intermediate frequency f lF - The inputs to the mixer 
310-1 is the received signal and the signal of fre- 
quency f,\ which is the output of the local oscillator 
3a 309-i. Since the received signal has a frequency of U 
through f lr the output of the mixer 310-i is the compo- 
nent of (f, + f,'; J = 1 ... n) and (fj - f,'; j = 1 ~. n). Since 
the BPF-i passes (f iF = f , - fffl and blocks other fre- 
quencies, ftp must be selected In such a manner that 
35 the relation (fj + V s J * 1 - n > wDI be avowed. 

[Third Embodiment] 

In the above-described embodiments, the 
40 spread-spectrum code is multiplied, digit by digit, by 
the same digit of the transmitted Information to per- 
form FSK modulation of the binary level. However, it 
is permissible to adopt an arrangement in which com- 
munication is carried out by FSK modulation of a mul- 
45 tivalued level. 

Fig. 6 Is an example of an arrangement in which 
four values are taken as an embodiment of mul- 
tivalued level modulation. 

This embodiment includes Bn information Input 
so source 601 , a spread-spectrum register 602 of length 
2n, two-digit mixers 603-1 through 603-n. local oscil- 
lators 604-1 through 604-n, FSK modulators 605-1 
through 605-n, an adder 606, a transmission line 607, 
a distributor 608, BPF's 60g-1 through 609-n, fre- 
55 quency discriminators 610-1 through 61 0-n. a spread- 
spectrum code register 611, mixers 612-1 through 
112-n, an adder 613, a threshold decision unit 614, 
and a destination 615 of the output Information. 
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In the arrangement described above, binary data 
outputted by the information source 601 enters the 
mixers 603-1 through 603-n. The mixers 603 each 
multiply two consecutive digits of the input data by two 
consecutive digits of the spread-spectrum code sequ- 5 
ence of length 2n stored In the register 602. Each 
mixer outputs two-digit, i.e., four-value data. The out- 
putted data from the mixers 603-1 through 603-n is 
applied respectively to the FSK modulators 605-1 
through 605-n, which FSK-modulate the carrier-wave 1 o 
outputs of the respective local oscillators 604-1 
through 604-n by the outputs from the respective 
mixers. The outputs of the FSK modulators 605-1 
through 605-n enter the adder 606, which adds these 
inputs and transmits the sum to the transmission line is 
607. 

The output spectrum on transmission line 607 is 
shown in Fig. 7, in which f t through f„ represent the 
carrier-wave frequencies of the respective local oscil- 
lators 604-1 through 604-n. The modulated signals 20 
are distributed among the four frequencies 
MM.MS.SS.SM (where S represents space and M 
represents marie) in accordance with the outputs of 
the mixers 603-1 through 603-n. 

As in the first embodiment, the received signal 25 
enters the distributor 608, which distributes it to the 
BPFs 609-1 through 609-n.The BPF's 609-1 through 
609-n pass only signals having pass bandwidths cor- 
responding to the information bandwidth, with the 
center frequencies being the frequencies U through f n . 30 
The passed signals enter the frequency discrimi- 
nators 610-1 through 610-n, which generate 
baseband signals conforming to the frequency devia- 
tions of the input signals. Each output signal is four- 
value data which enters the respective mixers 61 2-1 35 
through 612-n. These multiply the inputted data by 
two consecutive digits of the spread-spectrum code 
sequence. The result are delivered to the adder 613. 

The signal resulting from the adding operation is 
subjected to comparison just as in the first embodl- <o 
ment, and the original data inputted from the infor- 
mation source 601 Is extracted. 

Modulation of a multivalued level can be carried 
out with the arrangement described above. On the 
receiving side, as in the example of Fig. 3, a method 45 
can be adopted in which demodulation is performed 
after the conversion into intermediate frequency, 
which follows distribution into n-number of signals by 
the distributor 308. 

By developing a spread-spectrum code along a so 
frequency axis, as described above, it is possible to 
dispense with the need of a spread-spectrum code 
synchronizing circuit on the receiving side. In addition, 
temporal overhead at the time of initial information 
demodulation for spread-spectrum synchronization is 55 
eliminated, thereby making It possible to carry out ini- 
tial synchronization at high speed. As a result, spread- 
spectrum communication having a wide range of 



applications can be achieved. 

Further, in accordance with the present invention, 
code synchronization on the transmitting and receiv- 
ing sides is not lost during communication. As a result, 
re-synchronization is unnecessary and highly reliable 
communication can be performed. 

As many apparently widely different embodi- 
ments of the present invention can be made without 
departing from the spirit and scope thereof, It is to be 
understood that the invention is not limited to the 
specific embodiments thereof except as defined in the 
appended claims. 



Claims 

1. A spread-spectrum signal transmitting apparatus 
comprising: 

first generating means for generating, in 
parallel, a plurality of carrier-wave signals having 
frequencies that differ from ona another, 

second generating means for generating a 
spread-spectrum code sequence having a 
plurality of codes; and 

modulating means for modulating each of 
the plurality of carrier-wave signals, which are 
generated by said first generating means, based 
upon information to be transmitted and upon a 
respective one of the plurality of codes generated 
by said second generating means. 

2. The apparatus according to claim 1, wherein said 
first generating means has a plurality of local 
oscillators. 

3. The apparatus according to claim 1, wherein said 
second generating means generates codes the 
number of which is the same as the number of 
carrier-wave signals generated by said first 
generating means. 

4. The apparatus according to claim 1, wherein said 
second generating means generates a spread- 
spectrum code sequence having digits the num- 
ber of which is the same as, or a whole-number 
multiple of, the number of frequencies generated 
by said first generating means. 

5. The apparatus according to claim 1, wherein said 
modulating means modulates each of the plurality 
of carrier-wave signals, which are generated by 
said first generating means, Into a frequency. 

6. The apparatus according to claim 1, wherein said 
modulating means has multipliers the number of 
which is the same as the number of the plurality 
of codes generated by said second generating 

means; 
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transmitted information being supplied in 
parallel to respective ones of said multipliers, 
each multiplier multiplying the transmitted infor- 
mation by a respective one of the plurality of 
codes generated by said second generating 
means. 

7. The apparatus according to claim 6, wherein said 
modulating means modulates the plurality of car- 
rier-wave signals, which are generated by said 
first generating means, based upon respective 
ones of outputs from said multipliers. 

8. A spread-spectrum signal transmitting apparatus 
comprising: 

a plurality of multiplying means for multi- 
plying a value of each digit of a spread-spectrum 
code sequence, or values in which a plurality of 
digits of the spread-spectrum code sequence 
form one set, by the same digits of information to 
be transmitted; and 

modulating means for modulating outputs 
of the plurality of multiplying means by respective 
ones of carrier waves having freque ncles that dif- 
fer from one another. 

9. The apparatus according to claim 8, wherein the 
• information to be transmitted is supplied to said 

plurality of multiplying means In parallel. 

10. The apparatus according to claim 8, wherein said 
modulating means has a plurality of local oscil- 
lators. 

11. A spread-spectrum signal receiving apparatus 
comprising: 

generating means for generating a spread- 
spectrum code sequence having a plurality of 
codes; 

reverse spreading means for reverse- 
spreading a received signal, for every one of a 
plurality of frequency bands, based upon each of 
the plurality of codes generated by said generat- 
ing means; and 

decision means for discriminating original 
data based upon a reverse-spread output pro- 
duced by said reverse spreading means every 
frequency band of the received signal. 

12. The apparatus according to claim 11, wherein 
said reverse spreading means has multipliers the 
number of which is the same as the number of 
codes generated by said generating means; 

each multiplier multiplying the received 
signal by a respective one of the plurality of codes 
generated by said generating means. 

13. The apparatus according to claim 12, wherein 



said generating means generates a spread-spec- 
trum code sequence having digits the number of 
which is the same as, or a whole-number multiple 
of, the number of multiplying means. 

5 

14. The apparatus according to claim 11, wherein 
said reverse spreading means has a plurality of 
band-pass filters for splitting the received signal 
into a plurality of bandwidths. 

10 

15. The apparatus according to claim 11, wherein 
said decision means has adding means for 
adding the reverse-spread outputs produced by 
said reverse spreading means for every one of a 

is plurality of frequency bands; 

said decision means discriminating the 
original data based upon a sum output from said 
adding means. 

20 16. A spread-spectrum signal receiving apparatus 
comprising: 

a plurality of multiplying means for multi- 
plying the received signal by a value of each digit 
of a spread-spectrum code sequence, or values 

25 in which a plurality of digits of the spread-spec- 

trum code sequence form one set, said multipli- 
cation being performed every corresponding 
carrier-wave frequency; and 

decision means for discriminating original 

so data based upon outputs from said plurality of 

multiplying means. 

17. The apparatus according to claim 16, wherein 
said reverse spreading means has a plurality of 

35 band-pass filters for splitting the received signal 

into a plurality of bandwidths. 

18. The apparatus according to claim 16, wherein 
said decision means has adding means for 

40 adding outputs from said plurality of multiplying 

means; 

said decision means discriminating the 
original data based upon an output from said 
adding means. 

45 

19. A method of generating a spread-spectrum signal 
corresponding to a sequential input symbol sequ- 
ence, comprising generating, for each input sym- 
bol, a plurality of different frequencies 

so simultaneously. 

20. Spread-spectrum transmission apparatus com- 
prising means for generating , in response to each 
symbol of an input sequence, a plurality of drffe- 

55 rent frequencies simultaneously. 

21. Apparatus according to claim 20, in which the 
values of said plurality of frequencies are selec- 

7 
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ted in accordance with a predetermined sequ- 
ence, and differ for successive symbols. 

22. A spread-spectrum communication receiver 
including synchronization means for matching a 5 
predetermined spectrum spreading sequence b 

an incoming signal , in which the matching oper- 
ation is performable within a single symbol 
period. 

10 

23. Amethod of synchronizing a receiver to a spread- 
spectrum signal comprising, for each symbol, a 
plurality of simultaneous frequencies comprising 
the repeated step of demodulating the signal 
using a predetermined combination of frequency 15 
values, said predetermined combinations com- 
prising a predetermined sequence of such com- 
binations, and measuring the signal subsequent 

to each said repeated step, until a predetermined 
signal condition Is detected. 20 

24. A method of spread-spectrum communcation, 
comprising employing a predetermined spread- 
ing sequence, characterized In that each item of 
said sequence comprises a multi-symbol vector 25 
each symbol of a said vector having an Indepen- 
dent effect on said spreading of said signal. 
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